Materials and methods

Materials
The bulk BP was purchased from Smart-Elements. Dopamine Anti-Pgp antibody was purchased from Abcam (Cambridge, MA).
Preparation of BP nanosheets
The black phosphorus nanosheets were prepared using a simple modified liquid exfoliation of corresponding bulk sample. [1] In brief, 10 mg of bulk black phosphorus was dispersed in 20 mL of 1-Methyl-2-pyrrolidinone (NMP). The NMP was utilized to reduce the oxidation. The mixture solution was then sonicated in ice bath for 9 h with a sonic tip (Amplifier: 25%, On/Off cycle: 10 s/5 s). The ice water was used to avoid a relatively high temperature of the system. Afterward, the resulting brown suspension was centrifuged at 2000 rpm for 10 min to remove the residual unexfoliated bulk BP particles and the supernatant was carefully collected and stored under 4 °C for further use. Before use, the collected supernatant was centrifuged at 9000 rpm for 5 min to remove NMP.
Preparation of BP-siRNA
Briefly, 1 mg of BP was dispersed in 0.2 mL ethanol in 2 mL centrifuge tube, to which an aqueous solution of Guanidine Hydrochloride (4 M, 50 μL) and siRNA solution (1.5 nmol, dissolved in 50 μL DEPC-treated Milli-Q water) were added. The mixture was continuously shaken at 150 rpm for 0.5 h. The precipitate (BP-R) was collected by centrifugation at 9000 rpm for 5 min. The loading efficiency (LE) and encapsulation efficiency (EE) of siRNA were calculated using a previously published method.
[2]
Drug loading
Chemotherapy DOX was loaded on BP NSs under a weakly alkaline condition in ethanol. In brief, 1 mg of BP-R NSs were mixed with 2 mL of DOX ethanol solution
(1 mg mL -1 ), followed by an addition of 8 µL NaOH aqueous solution (20 mg mL -1 ).
After stirred in dark for 30 min, the obtained DOX loaded BP NSs (BP-R-D) were gathered by centrifugation at 9000 rpm for 5 min and washed with water. The DOX loading content (LC) was determined by a previously published method. [3] PDA encapsulation 1 mg of BP-R-D was suspended in 1 mL ethanol. Then 10 µL dopamine hydrochloride aqueous solution (150 mg mL -1 ) and 25 µL NaOH aqueous solution (20 mg mL -1 ) were added. The mixture was allowed to stir in the dark for 2.5 h. The BP-R-D@PDA was obtained by centrifugation at 9000 rpm for 5 min and washed with water.
PEG-Apt conjugation
10 OD of Apt-SH was dissolved in 500 µL tris-HCl buffer （pH=7.4, 10 mM）and then mixed with 1 mg of NH 2 -PEG-MAL and 20 µg of TCEP (to prevent oxidation of thiol). The mixture was stirred in the dark for 3 h to obtain NH 2 -PEG-Apt. After that, BP-R-D@PDA was added into the above solution and adjusted to pH 8.5 using NaOH solution. After stirring for 1 h, the final product (designated as BP-R-D@PDA-PEG-Apt) was collected by centrifugation (9000 rpm, 5 min) and washed with deionized water.
Characterization of BP-based NSs
Transmission electron microscopy (TEM) images were acquired using FEI 
Stability evaluation of BP and BP@PDA
To evaluate the influence of PDA encapsulation on BP stability, bare BP and BP@PDA NSs with the same amount of BP concentration (100 μg mL -1 ) were dispersed in water and exposed to air for 7 days and then their relevant properties were tested at predetermined time intervals.
In vitro pH-responsive and NIR-triggered kinetics
For pH-responsive release, 1 mL of BP-R-D, BP-R-D@PDA, and BP-R-D@PDA-PEG-Apt (5 mg mL -1 ) was sealed in a dialysis bag (MWCO=3,500, Shanghai Sangon, China), and then merged in 10 mL PBS solutions (pH 7.4 or 5.0).
The suspension samples were shaken (120 rpm 37 °C) for 36 h. At certain time intervals, 500 μL of outside release media was collected and the amount of DOX in the solution was measured with an absorbance spectrometer. Then 500 μL of fresh media was added. For NIR-triggered release, the experiments were carried out at pH = 5.0 with an 808 nm NIR laser irradiation (6 min, 1 W cm -2 ).
Measurement of in vitro photothermal property
The 
Cell culture and intracellular uptake
The human breast cancer cell line sensitive to doxorubicin (MCF-7) were cultured in Gibco® RPMI 1640's culture medium (Life Technologies Co., Carlsbad, USA) supplemented with 10% (v/v) fetal bovine serum (Gibco), antibiotics penicillin (100 U mL -1 ) and streptomycin (100 μg mL -1 ) in a 5% CO 2 -humidified atmosphere at 37 °C. The drug resistant human breast cancer cell line (MCF-7/ADR) was maintained in 2 µg mL -1 of DOX (made up from 1 mg/mL stock in deionized water) in the above-mentioned culture medium. For the assessment of P-gp expression in tumors, part of tumor tissues from different groups was added to 1 ml EP tube, followed by the addition of 1 mL RIPA lyses buffer. Then the mixture was transferred to a glass homogenizer and ground in ice water bath for 20 min. Afterwards, the sample in the supernatant was collected by centrifugation at 10000 rpm min -1 and mixed up with loading buffer.
In vitro phototherapeutic effect
MCF-7 and MCF-7/ADR cells were seeded in 96-well plates for 24 h. Then the culture medium was replaced with fresh one containing bare BP, BP@PDA-PEG, and BP@PDA-PEG-Apt with different concentrations and further incubated for another 4 h. After that, the cells were treated with NIR irradiation under 808 nm laser (1 Wcm -2 , 10 min). After incubation for an additional 12 h, the cell viabilities were evaluated by MTT assay. In brief, 10 μL MTT solution at a concentration of 5 mg mL -1 was added to the sample wells and incubated for a 4 h. Subsequently, the mixture was removed and 100 μL DMSO was added to the each well to dissolve the intracellular formazan crystals. The absorbance value was measured at 490 nm using a microplate reader (Bio-Rad Model 680, UK) after gentle shake for 10 min. The percentage of cell viability was measured relative to the media alone group (negative control).
In vitro Combined Antitumor Therapy
Wild-type and MDR MCF-7 cells were seeded on a 96-well plate at a density of 
Infrared Thermal Imaging
For the photothermal images, MCF-7/ADR tumor-bearing mice were intravenously injected separately with PBS (the control), BP@PDA-PEG and irradiated with a 808nm NIR laser at a power density of 1.5 W cm -2 for 5 min. During the irradiation, an infrared thermal image camera was used to monitor the temperature changes and infrared thermographic maps.
Biodistribution analysis
After treatments with DOX，BP-R-D@PDA-PEG and BP-R-D@PDA-PEG-Apt (100 μL, 5 mg mL -1 ) via tail vein injection, the nude mice were sacrificed at 3 and 24 h post-injection. The major organs including heart, liver, spleen, lung, kidney and tumor tissues of mice were collected. Then the distributions of DOX in various tissues were measured using the Maestro™ Automated In-Vivo Imaging system (CRi Maestro™, USA).
Blood pharmacokinetics
Healthy male Sprague-Dawley (SD) rats aged 5-6 weeks were administrated 
In vivo tumor therapy
After the tumor volume reached about 180 mm 3 , the tumor-bearing mice were randomly divided into seven groups (5 mice per group) and treated with saline, DOX + siRNA, BP@PDA-PEG-Aptamer, BP-R-D@PDA-PEG, BP-R-D@PDA-PEG-Apt, BP-R-D@PDA-PEG + NIR and BP-R-D@PDA-PEG-Apt + NIR via intravenous injection, respectively. The injection was conducted every 4 days with a DOX dosage of 5 mg kg -1 (equivalent DOX dosage for DOX-loaded NPs). The tumor volume and body weight of the treated-mice were recorded every other day until the end of the treatment. After about 3 weeks of treatment, the nude mice were euthanized. The main organs (heart, liver, spleen, lung, kidney) and tumor tissues were extracted for further studies.
Histological examination
For histological examination, organs including heart, liver, spleen, lung, and kidney were excised, fixed with 10% formalin, embedded with paraffin, sliced into thin sections and stained with hematoxylin and eosin (H&E).
Statistical analysis
Unless stated otherwise, all the experiments were carried out at least three times.
The experimental data are expressed as mean ± standard deviation (SD). Statistical analysis was performed by one-way ANOVA followed by Bonferroni test with SPSS 22.0 software. * P < 0.05 as statistical significance and ** P < 0.01 as extreme statistical significance. 
